HYDRAULIC DESIGN CRITERIA

SHEETS 610-1 to 610-7

TRAPEZOIDAL CHANNELS

1. Hydraulic Design Pha-ts 610-1 to 610-7 are design aids for reduc-
ing the computation effort in the design of traDez01dal hannels having

various side slopes from 1 to 1 to 3 to 1 with uniform subcritical or

supercritical flow. It is expected that the charts will be of value in

preliminary design work where different channel sizes, roughness values,

and slopes are to be investigated. Certain features of the charts were

based on graphs prepared by the Los Angeles District, CE. Charts 610-1 to
1~ <o
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610-7 can be used to interpolate values for intermediate side slopes.
2. Basic Equations. Manning's formula for open channel flow,
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Chart 610-1 and -1/1 show values of the factor, C, , for slopes of 0.000l
to 1.0 and n wvalues of 0.010 to 0.035. Charts 610-2 to -h/l 1 show
values of the geometric factor, C, , for base widths of 0 to 600 ft and
depths of 2 to 30 ft. Charts 610-5 to -7 show values of critical depth
divided by the base width for discharges of 1,000 to 200,000 cfs and base
widths of 4 to 600 ft.

3. Application. Preliminary design of trapezoidal channels for
subcritical or supercritical flow is readily determined by use of the
charts in the following manner:

a. Vith given values of n and S , C_ can be obtained from

charts 610-1 and -1/1. -
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b. Since Q = C Oy the required value of C, can be obtained
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With the required C; value, suitable channel dimensions
can be selected from charts 610-2 to -4/1-1.

Q

‘harts 610-5 to 610-7 can be u
1

d
of design depth to critical depth.
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SHEETS 610-8 TO 610-9/1-1

1. Hydraulic Design Charts 610-8 to 610-9/1-1 are aids for reducing
the computation effort in the design of rectangular channels. These charts
are useful also in the backwater computations presented on Chart 010-2.

2. Basic Equations. Chart 610-8 shows plots of normal depth (y,)
vith respect to discharge per foot of width (gq) for wide rectangular sec-
tions vhere the side wall effect may be neglected. Normal depth curves

are shown for Manning's n of 0.011 and 0.013 and for slopes of 0.0l to
0.50. The roughness and slopes values are those commonly used in the de-
sign of spillway chutes. The curves are computed from a variation of the
Manning formula for open channel flow.

q=cy 5/3
o
vhere
~ 1.486 st/2
- n
Critical depth (y.) with respect to gq 1s also plotted on this chart.
Critical depth in rectangular channels is a function of unit discharge only
2
=\3/ &
Ye =N/ &
N &

3. Charts 610-9 through 610-9/1-1 in conjunction with Charts 610-1
and -l/l can be used to detemine normal depths (,vo) for any rectangular
channel. These charts are similar to Charts 610-2 to 610-&/1-1 d were
developed in the manner described in paragraph 2 of Sheets 610-1 to 610-7.

4. Application. Preliminary design of rectangular channels for
uniform subcritical or supercritical flows is readily determined by use of
the charts in the fcollowing manner:

a. Two-dimensional flow. For wide channels, v. and v. can be

-— 7 v T T Y

obtained directly from Chart 610-8 for given values of n ,
S, and q.
610-8 to 610-9/1-1
Revised 5/59
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. Three-dimensional flow. For all channels, Charts 610-9
through 610- 9/l-l can be Lsed in the manner described in
paragraphs 3a, b, and c, Sheets 610-1 to 610-7. Critical

depth can be obtained from Chart 610-8.

c. Normal depth for three-dimensional flow can also be computed

from Chart 610-8 by use of the following table:

b/d,, a./d,
2 ' 2
2 1.38
5 1.17
10 1.07
15 1.05
25 1.03
where
b = channel width in ft
d2 = two-dimensional flow depth in ft
d3 = three-dimensional flow depth in ft.
VAT
-9/1-1
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HYDRAULIC DESIGN CRITERTIA

1. rpose. A channel invert slope can vary from a maximum de-
= X . | T~ i IR S AArIm At s e 1A A -~ nn P B 0 L P~ PP T L —~ AA a2
Lirea Dy 4o 1ine colrrneculing uvie CrestsS OI TWO arop strucuures Lo g mini-
mum fixed by the elevation of the end sill of the upstream structure,
the elevation of the crest of the downstream structure, and the distance
between the two structure The minimum slope should be that which re-

sults in stable channel conditions.

2. Hydraulic Design Charts (HDC's) 623 to 62L4-1 present design
teria for drop structures in subcrltlcal flow used to prevent channel
adation. The cri in HDC 6:
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tures where both the unlt dlscharge and drOD he
optimum energy dissipation is required to reduce downstream erosion.

In most cases economy of construction is the deciding factor.

3. ackground. The accepted relation between the height of drop
1n (At oo " = 4 4 a4 [P T T I TN ST I TEP- NI S
143 \alilicrerice 1l €levaiuloll beuween ulle Crestu and tne end sili of the
drop structure), critical depth de at the drop, and fthe required
stilling basin length LB 1s attributed to Etcueverryl and defined by
the equation

LD = CT. Vidﬁ (l)
io Ead -

where C_ 1s an empirical apron length coefficient. Studies by Morris

i
and JolnSon® resulted in design of the CIT (California Institute of
Technology) structure restricted to h/d ratios greater than 1.0.
Subsequent studies by Vanoni and Pollak3 included ratios as low as O. 3.

ne ' :

While initial research efforts were directed toward erosion control in
~1113 aa crtthaomitiant armlSandS ~m oo hanin wmeacadTaor San ol Tarert a1 cdaranmme
5 11 1TO s P} UDC(J_U.C v _LJi)J_J.bd.b_LU L lido Pccil 1S L LIl AaLdUuvidlL o b.L Callls «

4. Donnelly and Blalsdell investigated drop structures having
h/dc ratios from 1 to 15 and developed the SAF drop structure for pri-
mary use in the control of erosion in gullies. The major difference
in CIT and SAF structures is the difference in tailwater depths, i.e.

shallow and deep, respectively.

623 to 624-1
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with flow width =220 times the depth, rectangular abutments are satisfac-
tory. Stilling basin training walls should be sufficiently high to pre-
vent the tailwater returning over the walls into the stilling basin.
Wing walls at the end of the basin are not recommended. The channel
edge should be recessed as indicated in HDC 623.

6. SAF-Type Drop f : c
(HDC's 624 and 624-1) is recommended for des1ans hav1ng la rge unit dis-
charges and drop heights. The basic layout is shown in HDC 624. The
primary controlling parameter in this design is the location at which
the upper nappe of the falling jet impinges on the stilling basin floor.

s}

Structures. The SA

This is a function of the total fall of the Jjet and the depth of the
tailwater. Dimensionless curves for determining the impact location of
+ha 1irmmner narnrae An Fhe headin PlAann covra ahanrn Sw I A0) 1

Lilc u._yycl lld._h}_t}c ULL LLIIT Vvaodiil 1L 10U0L AL T OIIUWIL Lil 1y U™ 4.

7. The dimensions of the stilling basin are computed from the
following equations.

Ly=X +X +X (2)
where Lp equals basin length. HDC 624 graphically defines the distance

Xa 5 Xp , and X, . Numerical values of Xy and X, are obtained
from the following equations: —

oy
—~
w
p—

X, = 0.8
c

X
c

1l

—~
=
—

l.75dc

Substituting equations 3 and 4 into equation 1 results in

[l
—~
\J1
N

B = Xa + 2.55dc

with do as defined in paragraph 3 and as shown in HDC's 623 and 62L.
Laboratory tests4 have resulted in the following recommendations for
baffle pier and end sill heights.

Raffle mnier alo = 0 (6N

piel HC1ZIlU u.uu.c \O)
T T 27T et e 1t ~ la f2\
nna Ssiil e1gr n = U.L(-(lc (1)

These tests also showed that optimum basin performance occurs when the
baffle pler width and spacing effect a 50 to 60 percent reduction in

7 ~Arr v A +FlhhAa S aad et ot Terad A e o 41 T
1 LOW WJ.U. bll allll Ll 1 iiinuil vdllwdauver I LS J.()b ﬁb cnan C 100G .
c
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8. Design Discharge. Design discharge for the drop structure
should be computed using the equation

q = c¥/2 (8)
where
Q = design discharge, cfs
C = discharge coefficient = 3.0%
L = length of the drop structure crest, ft
H = energy head on the crest, ft

The length L of the weir should effect optimum use of channel cross
section upstream. A trial-and-error procedure should be used to balance
the crest height and width with the channel cross section.

9. Riprap Protection. Riprap protection should be provided
immediately upstream and downstream of each structure. It is recommended
that design criteria given in HDC 712-1 be used to meet stilling require-
ments and that given in EM 1110-2-1601 (reference 7) for upstream pro-
tection.

10. References.

(1) Etcheverry, B. A., Irrigation Practice and Engineering. 1st ed.,
Chapter VII, McGraw-Hill Book Company, New York, N. Y., 1916.

(2) Morris, B. T. and Johnson, D. C., "Hydraulic design of drop struc-
tures for gully control." Transactions, American Society of Civil
Engineers, vol 108 (1943), pp 887-9%40.

(3) Vanoni, V. A. and Pollak, R. E., Experimental Design of Low
Rectangular Drops for Alluvial Flood Channels. Report No. E-82,
California Institute of Technology, Pasadena, Calif., September

1959.

(4) Donnelly, C. A. and Blaisdell, F. W., Straight Drop Spillway
Stilling Basin. Technical Paper No. 15, Series B, St. Anthony
Falls Hydraulic Laboratory, University of Minnesota, Minneapolis,
Minn., November 195.4.

(5) U. s. Army Engineer Waterways Experiment Station, CE, Drop Structure
for Gering Valley Project, Scottsbluff County, Nebraska, Hydraulic
Model Investigation, by T. E. Murphy. Technical Report No. 2-760,
Vicksburg, Miss., February 1967.

(6) U. 8. Department of Agriculture, Soil Conservation Service, Engineer-
Handbook, Drop Spiliways. Section 11, Type C, Washington, D. C.,
D 5-11.

* Reduced for submergence effects when applicable.

623 to 624-1
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HYDRAULIC DESIGN CRITERIA

1. Purpose. The purpose of these Charts is to present design
teria for rectangular drop structures upstream from steep chute chan-
s. These criteria were developed from tests conducted at tne U. S.

s 1

i

2. The general design of the structure with parameter definitions
is presented on Chart 625-1, The calibration data obtained for various
lengths and drops are presented on Chart 625-1/1. Drop length to chute

idth ratios B/W ranged fro 1 to 4 and drop depth to chute width

3. Design Criteria. The dimensions of the structure can be de-
termined from a known discharge and allowable head or width of chute us-
ing Chart 625-1/1. All of the calibration data were obtained using an

abutment radius equal to three times the width of the chute. If it be-

comes necessary to increase the radius of the abutments because of up-

stream embankments or other reasons, as proba ly will be the case for
amatl? o AL‘_‘.-_ sl o o ML s £0C 1113 L AN BN B 11 N Fa 1 LI SR I T T
sdiidiler Cliuites, Lle Curve On undart 0Zlo0-1/1 laDe_LECl v V) snouiada bpe
used for design. This design without drop will provide a conservative
estimate of the discharge rating curve, and the change in the radius of
abutments will have little effect on the discharge.

4. An alternate method of design has been developed by the Nash-
ville District for de51gn of drop intake structures on the Tennessee-
‘ombigbee Waterway. The curves on Chart 625-1/2 illustrate this proce-

1.

orm allows the direct determination of chute width for a
a A
<

5. These criteria apply to drop structures upstream from steep
chute channels. The slope of the chute will have little effect on the
drop structure discharge capacity as long as critical flow occurs within
the chute. However, the length of horizontal channel shown on Chart
625-1 could cause a backwater to affect the head on the drop structure

di

for high scharges. 1t is recommended that the drop structure be de-
signed to operate with weir control or that backwater curves be computed
to determine what effect this backwater will have on the head.

U. S. Army Engineer Waterways Experiment Station, CE, Divide Cut Drain-
age Structures, Tennessee-Tombigbee Waterway, Mississippi and Alabama;

Hydraulic Model Investigation, by Jackson H. Ables. Technical Report
H-76-18, Vicksburg, Miss., October 1976.




6. HDC Chart 625-1/2b presents a typical drop intake structure
used on the Tennessee-Tombigbee Waterway. All drop intake designs for
the Tennessee-Tombigbee Waterway used a D/W ratio of 0.6 and a B/W
ratio of 3.0. Drops were designed to pass an approximate 10-year dis-
charge at a head of about 3 ft. Sidewalls were designed to pass a
25-year storm without overtopping. To date several of these structures

have experienced events involving a 100-year return period rainfall
without difficulty.
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HYDRAULIC DESIGN CRITERIA

N
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RESTISTANCE COEFFICIENTS

1. General. Because of its simplicity, the Manning equation has
been used extens1vely in the United States in the evaluation of resist-

AavAan TAacoaaso P S | £ A A P L E P POV SN MMmary A~ L A L e b
allCe J..Ubbt!b .LIJ. operl Cliarnrnel 1.1 W A COIMPIrelcliislve Ssumir r'y 1 ulle use 0Ox
this ecguation in channel desgion is given in reference 1 Tlow data and
il g Ul b L il o LA L Ld LN Uil - 5+ Vil A1l Ll Ll vl Eathd P Al Uiy via  Luilia
Manning's n's for 50 natural streams, together with color Dhotograbhs of

Q
the channels, have also been pu bllshed,.2 The Chezy equatlon includes
a resistance coefficient term that is applicable to all flow conditions.
Hydraulic Design Chart 631 presents a general resistance diagram relat-
ing Chezy's C , Reynolds number, and relative roughness. The chart is
useful in open channel flow problems.

ahAvratAariry anAd F£9-aTA Swyiractd vat 3 ~arae hasra abhAatrmm Fhaod e vwAacHs ot
oo PN cNVAWES GLU\JJ..)’ ALl L LT iu 4 IVCDUJ.EsO.UJ_U 1o flavceoc OILUWILL vila v LiILT LTO v
ance coefficient varies with Reynolds numbers as well as with boundary

surface roughness. Keulegan3 has demonstrated that the Von Karman-Prandtl
smooth and rough pipe resistance equations based on the Nikuradse test
data can be applied to open channel flow with only minor adjustments in
the equation constants. A recent ASCE progress report™ recommends a
Moody-type diagram for use in open channel flow, especially for flows in
which the viscous effects are important.

where

V = mean channel velocity, ft per sec

C = Chezy sistance coefflclent which is a function of Reynolds

number and relative roughness of channel

R = hydraulic radius of channel, ft

S = slope of energy gradient

4. Resistance Coefficient Relations. The Darcy resistance coeffi-
cient f (see Hydraulic Design Chart 22L-1) is defined as



where g = acceleration of gravity.

The relation between C and f 1is

>

1
L
"k

Similarly, the relation of C and n can be shown to be
Nl )\QﬂDl/6
Lo ULV
C =
g R s W S U S, o R . 'r.\T.._ P TR M o e s cam et i AaAa AnAPPS A At lal
De LITECULS Ol reyrnolds NUDEL . lrie Lrnezy resistalnce coeriicierne o
Sa nlatted aa 8 fimetion of Rovnalde mimher in Chart 421 An auvxiliarv
Lo H.LUL/UCU. A A U 788 B WD W N O S N L\CJ AN LD LIV T L L1l vl U W Hd e il AL adua Y
scale of Darcy resistance coefficient f is also shown for alternative
use by the design The method of plotting is a form of the Moody dia-

ner
gram,(Sheet 22&—1) The resistance equations for smooth and rough flow
based on Keulegan's results and recommended by ChOW'L are glven and
plotted 1n Chart 631. The rough flow limit based on Rouse s pipe flow
criterion/ is also gshown. The Keulegan constants were used in the

NAT ATmcam T T TS L mimmm 2 (AN n it AR T ol L o s S LS O A o~ M~
LOLEDroOk-=wWnite eduatctlorn (Lllart 2cd-1 ) 10y tne tvransition 110w zole. 1rie
RPatvrrnnlAac niimhoavy 1rand £PAav NI Aat+Ines 9 @
nREeEYNoLGs numoer useld 10Y piLOTuLlig 1S
LVR
R =
e v
where v = Tthe Kinematic VlSCOSlty.
MThe t11ee Af +hiae FAvrm £ 4+ ReotrmAalAda mrimbhawvy 50 e asenmmas AA S am dTe s AQATR
40 wol U4 uiiio 10110 4 ot NnEydiUaUs uloer 1o IreCOnmmner U 44l UIIE AoLuh
task forc t L

6. Basic Data. The plotted data in Chart 631 are for concrete-
lined channels. Both tranquil- and rapid-flow data are presented. The
tranquil-flow data were computed from U. S Army Englneer Waterways Ex—
perlment Station (WEb)

zj’ ]
I
(%)
J .
/)
O +
= O

flow measurements and Condlti ons of concrete channel llnlnﬁ. Tests at the
University of Towal? indicate that the energy loss in flows having Froude
numbers greater than 1.6 becomes a function of the Froude number and den-
sity and size of roughness elements. Additional energy loss is caused by
instability of the flow. The plotteg data points based on prototype tests

~ L o ™ - ) b p PR i B ] Q . =) ™ ul _—2 1 - V== A ~n = = ] nTo_

at Thne rort Randadall-o ana pFOrt recK—- Spiiliway cnutes are 10r raplq 110W
it Tyt da yrritmhara Aavansaddnes Fha adbalhd TS 415 At a0t A Mhanca Aadta armna

WL LI L UUuT Lullivel o TALTCU Ll Ll oLavlLliuy CLLULCSLLULL. Lileptt Uala LToplre=
sent the only known available measurements at R, numbers approaching 108.
631 to 631



7. Suggested Design Criteria.

a. Resistance coefficients. The data plotted in Chart 631 can
be used for guidance in the design of concrete-lined channels
with suberitical velocities. Resistance coefficients for

these channels generally are in the transition zone shown in
the chart. The flow reglme is seldom hydraullcally smooth or

Chart 631—J_ is a plot relating Chezy C, 1"16141.11]'.115 s n, tie
equivalent roughness kg , and the hydraulic radius. Theo-
retically it is only & nllcable to rough flow conditions.

This chart should be useful for relating C and n for the
design of channels with riprapped banks (Charts 631-U4 and
631-4/1). The equation for n on Chart 631-1 was _developed
by solving the rough flow equation given in Chart 631 in
terms of Manning's n.

|

tlon or the surface flnlsh spe01f1ed However, in open
channel flow it includes the effects of secondary flow re-
sulting from boundary geometry and to a lesser extent the

free water surface. Experimental data for correlation of
surface texture, channel geometry, and the resulting hydrau-
lic equivalent roughness kg are very limited. However,
considerable variation in the selected kg value results
in only small changes in the flow energy loss.

(l) The following tabulation presents average kg values
resulting from different types of concrete forming
and surface finishing. It is based on computations

made from the open channel resistance data plotted in

Ia o~ =

Cllaru L1,

Average

kg , Tt Concrete Surface Finish

~ A~~L A Q a1 NN Al A )

0.0006 10-year-olid, 10-ft-wide rectangular agueduct.
Troweled sides and float-finished bottom
(vef Q)
At A7

0.002 Laboratory rectangular and trapezoidal chan-
nels, brushed concrete finish (refs 6 and 7).
Field channels, smooth, troweled cement
finish (refs 8, 9, and 11)

2 LD R Sy
. .
(Contlnued)
631 to 631-2
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10- to 20-year-old, ©- to >U~-it-wlde tTrape-
zoidal channels constructed with modern rail-
mounted slip traveling forms (ref 10)
Screed-finished spillway chute blocks with
transverse joints at 20- to 25-ft intervals
(refs 13 and 1k4)
The tabulation above can be used for selecting design
kg values 1f the concrete forming and surface finigh-
ing can be obtained with good assurance. For general
deslgn computations the following kg values for con-
cre are suggested:
Design Problem Suggested kg Value, ft
Discharge capacity 0.007
} imum velocity 0.002
Proximity to critical depth¥*
Subcritical flow 0.002
Supercritical flow 0.007
o prevent undesirable undulating waves, flow-depth-
to critical depth ratios between 0.9 and 1.1 should
be avoided.

The determination of the equivalent surface roughness
for riprap channels, rubble masonry, or other large
roughness protrusions should be based on some estimate
of the mean protrusion, riprap, or rock size. Use of
the D50 (mean) size as ks , based on equlvalent sphere

o

weight, is a good approximation for stone riprap.

(D P

trating the
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N

GIVEN: REQUIRED:

_______ Peoo 0 L _1| (= . N
woncrere-iineag cnannel EqUIVOieI"II’ rOUghneSS kS
CL PO ~ ~
Shape, trapezoidal Chezy C
| PR 1\ N NNNA n
invert slope (S) = 0.0004 Base width B

o a ™y 11 n
Flow depth (D) = 12 #t Froude No. < 0.85
< PR 1 ) ~ . )
Side slope =1 on 2 Check Manning’s n
Wo_._ & A Ln -
Water temperature = 60 F

PR M\ 1 NNN
Discharge (Q) = 15,000 cfs
el A | s | Y 1 Iy
Construction, rail-mounted traveling forms

From tabulation of equivalent roughness (par. 7b(1), Sheets 631 to 631-2), k, =0.003 ft
From Chart 001-1, v = 1.22 x 1075 ft2/sec at 60 F

TRIAL COMPUTATIONS
Assume base width B =50 ft
Ve @ 39000 e cec
Area = 74 x 12
Hydraulic radivs R = Area S x2 8.57 f+
7 Wetted Perimeter ~ 103.6 :
o VR 4(16.9)(8.57) o i
e - =T = 4.75 x 107
Y 1.22x10°°
R 8.57
E =0.003 = 2860 C = 148 (Chart 631)

V = CVRS = 1484/8.57 « 0.0004 = 8.67 ft/sec < 16.9 ft/sec

Assume base width B = 110 ft

V= qipars = 9.3 fsee R=S4X12_gg3y
R 40390983 ., .o

€ 122105

R 983 . .
k_s =0.003 - 3280 C = 149 (Chart 631)

V = 1494/9.83 x 0.0004 = 9.34 ~ 9.33 f1/sec

Check Froude No. (F) and Manning’s n

F = (wide channel) = —s
—@ wide channe —m

=0.48 <0.85

PREPARED BY U. 5. ARMY ENGINEER WATERWAYS EXPERIMENT STATION, VICKSBURG, MISSISSIPPI




HYDRAULIC DESIGN CRITERTA

SHEETS 631-L AND 631-L/1

EFFECTIVE MANNING'S n

1. Tables of recommended roughness coefficients for use in the

Manning formula for the solution of open channel filow problems have
TImAamrn 11l T 3 alhAald S AP AamAar Ao awnrnAd N M~ o, Srnnliildsca vannrmmanAdaAd am liiaa
pecll publislicu 1ll I'clitclellCes L Qllu C. LIIUOW™ LuCiuUucTo L TUULLINTCIIUTWU VA lLuUuTo
for channels having different bed and bank materials. In wide, shallow
channels the bed roughness eff ects predominate. Conversely, in narrow
deep channels the bank roughness is the primary factor contributing to

%]
o
'?
=t

a.ch case the v
roughnesses and thelr respectlve segments of the Wetted rlmeter or flow
area. In their simplest form, the equations for effective n values

can be written as

o
[0)
'_b
)
|
~~
=
(o]
w
>
=
o)
()
[t}
a
2]
o
l_l o
7]
ci-
H
e
ct
p—
—~
[}
p—

e = L—Lg;ér——lj (Horton or Einstein) (2)

0]
]

Herr

|
—~~
Q
o
=4
[}
O
o
d-.
0
[»)
p—"a
P
w
p—a

A and P are the channel flow subareas and wetted perimeter segments,
respectively; n is the respective Manning roughness coefficient for each
segment considered.

3. Study of the equations given in paragraph 2 indicates that for
s with smooth inverts and rougn banks, use of the horton Eins

(e}
h
S D
'_J

=
3
ks
o]
@]

ability of addltlonal test data.

631-4 and 631-4/1



4. For rectangular or trapezoidal channels, equation 2 can be
written in the form

In3/L P, + 2 3/2 P \ i
Y S - (L)
eff k P+ 2P, | v
< /
where the subscripts 1 and 2 refer to the bed and bank wetted perimeters,

respectlvely The terms are further defined in the sketch in Hydraulic
Design Chart 631-k4/1.

5. Application. Chart 631-4 provides a rapid graphical method
for determining the solution of egquation 2 to obtain an effective n
value for use in the design of uniform channel sections with different
bed and bank roughnesses. The ordinates of the chart indicate the bed,
bank, and combined effective roughness coefficients. The abscissas are

values of the ratio of the bed and bank wetted perimeters. The effective
n value is determined in the following manner. The chart is entered
vertically from the bottom with the given value of 2P /P to its inter-
section with an imaginary line connecting ny and n, . The value of
nere at this point is read on the right side of the chart.

6. Chart 631-4/1 can be used to obtain the required wetted perimeter
ratio for use with Chart 631-L. Chart 631-L/1 presents bank-bed wetted

perimeter relations for trapezoidal and rectangular channel sections as
functions of the bed width, flow depth, and bank slope. These charts can
be used with Charts 631 and 631-1 for the design of channels with riprapped
banks.

~
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WHERE:

N, =BED ROUGHNESS

N,= SIDE SLOPE ROUGHNESS
Ne¢¢= EFFECTIVE ROUGHNESS

P2 = SIDE SLOPE WALL LENGTH

P, =BOTTOM WIDTH

OPEN CHANNEL FLOW

COMPOSITE ROUGHNESS
EFFECTIVE MANNING'S n

HYDRAULIC DESIGN CHART 63!(-4
REV 11-87 WES 1-68
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SHEET 660-1

CHANNEL CURVES

IrTAMT

ATTDTDTT T AT
ourhLnb LB VALTIUN

1. Purpose. Flows in curved channels result in increases in depth
along the outside channel walls with corresponding decreases along the in-
side walls. The difference in the water-surface elevations between the
channel center line and the outside wall is called the flow superelevation.
This rise in water surface is a function of the channel shape, velocity,

1

. a 4 - ] R TN I Y
WlO.Bfl, ana radius OI curvature. vnart oou-1 presem:s a grapnical means of
estimating superelevation for variocus combinations of channel velocities,

idths, and radii of curvature.

5

2. Design Controls. Channel capacity (wall heights) should be based
on the maximum expected resistance (friction) factor. The curve geometry
and flow superelevation should be based on the minimum expected resistance
factor. This design combination should result in economically conservative
design for all flows.

3. Design Equations. The transverse rise in water surface of flow
in a channel bend can be adequately described for both tranquil and rapid

flow using an equation adapted from the centrifugal force equations.

vew
0 —=

gr

—~~
=
~—

Ay =

Ay = the rise (superelevation plus surface disturbances) in water
surface between the channel center line and the outside wall, ft
C = a coefficient depending upon flow Froude number, channel shape,
and curve geometry
V = average channel velocity, fps
raigh
g = acceleration of gravity, ft/sec
r = radius of curvature at center line, ft
The following tabulation relates the coefficient C with flow conditions,

channel shape, and curve geometry. These relations are also shown by the
sketches in Chart 660-1.



Channel Curve Coefficient
< seometry C Value

Type of Flow  Shap I
Tranquil Rect Simple 0.5
Tranquil Trap. Simple 0.5
Rapid Rect Simple 1.0
Rapid Trap. Simple 1.0
Rapid Rect Spiral transition 0.5
Rapid Trap. Spiral transition 1.0
Rapid Rect Spiral-banked 0.5

4. Curve Design.
a. Tranquil flow. The required increase in the outer wall
height in a channel curve over that of the straight channel

for both rectangular and trapezoidal channels is obtained
from Chart 660-1 using a C value of 0.5. The inner wall
height should remain that of the straight channel. The un-
balanced flow condition in the curve causes helicoidal flow

that can result in undesirable scour and deposition in and
downstream from the curve. Tests by Shukryl indicate that
helicoidal flow can be minimized if the curve radius is
greater than three times the channel width.

b. Rapid flow. Rapid flow in a simple circular curve results in
a transverse rise in the water surface approximately twice
that occurring with tranquil flow. This increase results

from surface disturbances generated Db hanges in direction.

These disturbances persist for many ckanﬁel widths downstream
of the curve. Superelevation for rapid flow can be estimated
from Chart 660-1 using the appropriate C values given in the
tabulation above or in the chart. A detailed analysis of the

cross waves generated in simple curves is given by Ippen.2

The criterion for minimum radius of a simple curve, based on
structures built by the Los Angeles District, is:

Lvew

Tmin ~ gy

3
—~~
NS
~—

with y equal to the flow depth for the minimum expected

friction factor (Chart 631). This criterion is recommended

for rapid flow curves with or without invert banking. A
¢ f

similar criterion for maximum allowable superelevation for
acceptable flcw conditions in rectangular channels 1is
o = O-OH (3)



(1)

(2)

Invert banking. Invert banking maintains flow stability in

curved channels and when used with spiral transitions results
in minimum total rise in water surface between the channel
center line and outside wall. It i1s limited to channels of
rectangular cross sections. The invert is usually banked by
rotating the bottom about the channel center line. The in-
vert along the inside wall is depressed by Ay below the
center-line elevation with a corresponding rise along the
outside wall. The banking upstream and downstream from the
curve should be accomplished linearly in accordance with the
spiral transition lengths determined from equation 3 of
Sheets 660-2 to 660-2/4. Wall heights on both sides of banked
curves are usually designed to be the same as the wall height
of the straight channel. Banking of trapezoidal channels is
not practicable. Such channels should be designed wherever
possible to have long radius curves resulting in minimum
superelevation.

References.

Ippen, A. T., "Channel transitions and controls,
H. Rouse, ed. John Wiley & Sons, Inc., New York, N. Y., 1950,
-588.

lics
pp 496

Shukry, A., "Flow around bends in an open flume." Transactions,
American Society of Civil Engineers, vol 115, paper 2411 (1950),
pp 751-779.
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EQUATION
2
Av=c YW
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WHERE:
V = AVERAGE VELOCITY
A= CHIDEDC! C\VATIAN
Ay= SUPERELEVATION

= WATER SURFACE WIDTH (LEVEL)
r = CURVE RADIUS
C =CONSTANT
g = GRAVITATIONAL ACCELERATION

CHANNEL CURVES
SUPERELEVATION
HYDRAULIC DESIGN CHART 660-1
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CHANNEL CURVES WITH

SPTIRAL, TRANSITTIONS

DA ATT

ID FLOW

1. DPurpose., Spiral transitions are used to provide gradual change
in channel curvature for rapid flow entering and leaving circular bends.l
The compound circular curve has also been used for this purpose.2 Use of
spiral transitions eliminates the surface disturbances discussed in Sheet
660-1 and minimizes required wall height increases or channel banking.

2. Spiral Transitions. Spiral curves involve the solution of cubic
equations by complex procedures, extensive successive approximation, or
computers. The Los Angeles District (LAD) has prepared extensive spiral
tables for easier manual design of rapid flow channels.3 HDC 660-2 to

660-2/1 summarize these tables and illustrate their application to channel
design.

1e spiral. The curve geometry, equations ions

veloD the LAD tables are given in Chart 660 2 Two equal sp rals are shown
one upstream and one downstream of the circular curve. The central angle
of the first arc (51) establishes the shape of the spiral. The central
angle subtended by a spiral of n number of arcs is given by:

he
o
1

2
As =18, (1)
where
th
As = total central angle at the n arc of the spiral, sec
n = number of arc lengths of 12.5 ft each
§, = central angle of the first arc, sec

4

4. Unbanked Curves. The minimum length of spiral recommended by
Douma™ for an unbanked curve is

=
Il
I._.l

.

0
N
|A
al|=
~~
no
N



surface w1dth

5. Banked Curves. The minimum spiral length recommended by Gildea
and Wong- for banked curves is:

=

' L
LC)J

L
~~
w
~

where Ay 1is the rise in water surface between the channel center line and
the outside wall. Use of this criterion will not usually result in free
drainage of a channel banked by rotating the invert about the center-line
elevation.

o == [a N RN I P P | S 1 1A ekl ot A A e e = ~ oA A
O vilegua.l oplldliSe. vilcgual splrial 1CHRULIS al ULl DeRirriily alll el
nf the e,~irennler cuivrve mav he remmiired tn meet aneciasl fHeld econditiong
vl wiic R O L & = wuwt = _\U.@‘y M L \a\iuJ.J. RSN A A S N Ol}\a\;_\.(&d— A LT AL WULELL, VLI e
The geo metric relations between the plrals and the PirPUTa_ curve are
gl 6 i

7. Spiral Design Tables. The original LAD tables have been

- . o . o : = gl S~ o~ S~ -
abridged and are presented in Chart ©600-2/2. The chart should be adequate
Pnn A AcS ot~ o~ A m A A mnn mmma s mnm e S omnn o d? e ian e D mam cr wm mm TTn T o v~
10 UCO LIl PUrposces 4alia 1010 prepal'auloll 0L COIILIaCUL Urawlilgs. valucs Ol
aniral lencths T. tancent dictancecs Y and offsetc v avre tahnulated
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for n number of stations for 22 spirals. The method of computing values

of X and Y , and the radius r of the central simple curve is given in

reference 3. The curve number corresponds to the value of the first spiral
arc angle ©; , in sec, and indicates the rate of change in curvature. The
minimum spiral length should be that which satisfies equation 2 (unbanked)

or 3 (banked), provides optimum fit to local physical conditions, and is

P P L S I
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erx Ve

(=183 4R wL 0l Wi
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. b
with snlral trans1t10ns at each end is given in Char 660- /3. The final
curve layout for the example is given in Chart 660-2/4. 1In cases of inter-
mittent flow the banking may result in an undesirable pool of stagnant
water along the inside wall. This can be avoided by selecting a longer
downstream spiral. The length of this spiral is dependent upon the curve

number selected and the number of spiral arc lengths requlreq to attain a
S L% 3 ¥ TE

e AL nn o s g e S om o Bl e o2 A B Lla amiadeann T Anaeatra T P B, |
radgius approximauving uiau UUIPu.beu. 100 Lile Cerivrlal CUurve,. .I.W.LLC uile spiradl
Tancth mil+inTdied hv the ochannel olone miiet eoniel nor eveeed the invert

—L-Cllg Ulli UL UJ.-tJ Ao LTl UJ vilic AT B Lo S S A Nmps By (=) J—U_t)\a dAlUw v b\d.uu:-‘— A SN AN A A N Vil AdliVied U
banking for free drainage.

9. Computer Program. A computer program for the design and field
layout of the channel curve geometry is given in Appendix V of
EM 1110-2-1601.°
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b. SPIRAL DETAILS

CHANNEL CURVE GEOMETRY
EQUAL SPIRALS

HYDRAULIC DESIGN CHART 680-2
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UNEQUAL SPIRALS
HYDRAULIC DESIGN CHART 860-2/1

CHANNEL CURVE GEOMETRY
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A

SINT
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As A5
o Lft rre 0 7 X, P8 Y, fE n Lpft e 0T 7 X, P8 X, fE
No. 7 Curve No. 14 Curve

0 0.0 00 00 00 0.0 0 0.0 00 00 00 0.0

1 12.5 00 00 07 12.506 0.0 1 12.5 00 00 1k 12.500 0.0

2 25.0 92,078 00 00 28 25.000 0.001 2 25.0 146,039 00 00 56 25.000 0.003
3 37.5  6L,386 00 01 03 37.500 0.0k 3 37.5 30,693 00 02 06 37.500  0.008
4 50.0 46,039 00 01 52 50.000 0. n 50.0 23,020 00 03 U4k 50.000 0.019
5 62.5 36,831 00 02 55 62.500 0.018 5 62.5 18,416 00 05 50 62.500 0.036
6 75.0 30,693 00 Ok 12 75.000 0.031 6 75.0 15,346 00 08 24 T5.000 0.062
7 87.5 26,300 00 05 43 87.500 0.0kg 7 87.5 13,154 00 11 26 87.500 0.098
8 100.0 23,020 00 07 28 100.000  0.073 8 100.0 11,510 00 14 56 100.000  0.146
g iiz.s5 20,462 00 09 27 112.500 0.10k 9 112.5 10,231 00 18 5k 112.500 0.207
10 125.0 18,416 00 11 %0 125,000 0.142 10 125.0 9,208 00 23 20 12k4.999 0.284
11 137.5 16,742 00 1k 07 137.500 0.189 11 137.5 8,371 00 28 1L 137.499 0.378
12 150.0 15,346 00 16 L8  150.000  0.245 12 150.0 7,673 00 33 36 149.999  0.kgo
13 162.5 14,166 00 19 143 162.499 0.312 13 162.5 7,083 00 39 26 162.498 0.623
14 175.0 13,154 00 22 52 174.999 0.389 14 175.0 6,577 00 45 Lk 17k.997 0.778
15 187.5 12,277 00 26 15 187.499 0.478 15 187.5 6,139 00 52 30 187.496 0.957
16 200.0 11,510 00 29 52 199.998 0.580 16 200.0 5,755 00 59 ik 199.994 i.161
17 212.5 10,833 00 33 43 212.498 0.696 17 212.5 5,416 01 07 26 212.hg2 1.392
18 225.0 10,231 00 37 L8 22k,997 0.826 18 225.0 5,115 o1 15 36 224.989 1.652
19 237.5 9,692 00 k2 o7 237.496 0.971 19 237.5 4,846 o1 24 14 237.486 1.94%2
20 250.0 9,208 00 46 ko 2k9.995 1.133 20 250.0 4,604 01 33 20 249.982 2.265
21 262.5 §,769 00 51 27 262.kgk 1.311 21 262.5 4,385 Ol L2 sk 262.477 2.622
22 275.0 8,371 00 56 28 274.993 1.507 22 275.0 4,185 0L 52 56 27h.970 3.01%
23 287.5 8,907 01 OL 43 287.&21 1.722 23 287.5 4,003 02 03 26 287.463 3.44h
2k 300.0 7,673 Ol OT 12 299.989 1.956 2h 300.0 3,837 02 14 24 299.954 3.913
25 312.5 7,366 0L 1255  312.486  2.211 25  312.5 3,683 0225 50  312.h4k L.kp2
26 325.0 7,083 Ol 18 52 324.983 2.487 26 325.0 3,541 02 37 ki 32k.932 L.9Th
27 337.5 6,821 0l 25 03 337.479 2.785 27 337.5 3,410 02 50 06 337.b17 5.569
28 350.0 6,577 013128 349.975 3.106 28 350.0 3,289 03 02 56 349.901 6.211
29 362.5 6,350 Ol 38 o7 362.470 3.451 29 362.5 3,175 03 16 1k 362.382 6.900
30 375.0 6,139 Ol 45 00 374.965 3.820 30 375.0 3,069 03 30 00 37h.860  T.638
31 387.5 5,941 015207  387.h59 L.tk 31 387.5 2,970 03 b 14 387.335  8.k2y
32 400.0 5,755 0L 59 28  399.952  L.635 32 koo.o 2,877 03 58 56  399.807  9.268

No. 10 Curve No. 18 Curve

0 0.0 00 00 00 0.0 [¢] 0.0 00 00 00 0.0

1 12.5 00 00 10 12.500 0.0 1 12.5 00 00 18 12,500 0.001
2 25.0 64,450 00 00 40 25.000 0.002 2 25.0 35,810 00 01 12 25.000  0.003
3 37.5 k2,966 00 01 30 37.500 0.006 3 37.5 23,873 00 02 k2 37.500 0.010
4 50.0 32,225 00 02 4o 50.000 0.013 4 50.0 17,905 00 Ob 48 50.000 0.024
5 62.5 25,780 00 ¢k 10 62.500  0.026 5 62.5 14,324 00 07 30 62.500  0.046
6 75.0 21,483 00 06 00 75.000  0.0kk4 6 75.0 11,937 00 10 48 75.000  0.080
7 87.5  18,l1k 00 08 10 87.50¢  0.07C 7 87.5 10,231 00 14 k2 87.500  0.126
8 100.0 16,112 00 10 ko 100.000  0.104 8 100.0 8,952 00 19 12 100.000  0.188
9 112.5 1k,322 00 13 30 112.500  0.148 9 112.5 7,558 00 24 18 112.459 0.267
10 125.0 12,890 00 16 ko 125.000 0.203 10 125.0 7,162 00 30 00 12k4.999 0.365
11 137.5 11,718 00 20 10 137.500 0.270 1L 137.5 6,511 00 36 18 137.498 0.486
12 1%0.0 10,742 00 2'1 00 1h9.?99 0.350 12 150.0 5, 00 43 12 149.998 0.631
13 i62.5 9,915 00 28 10 162.499 0.hl5 13 162.5 5,509 00 50 L2 162.496 0.801
1k 175.0 9,207 00 32 k0 174%.998 0.556 1 175.0 5,116 00 58 48 17h.995 1.000
15 187.5 8,593 00 37 30 187.498 0.683 15 187.5 4,775 01 o7 30 187.493 1.230
16 200.0 8,056 00 k2 Lo 199.997 0.829 16 200.0 4 W76 0l 16 L8 199.990 1.h92
17 212.5 7,582 00 L8 10 212.496 0.994 17 212.5 4,213 01 26 L2 212.487 1.789
18 225.0 7,161 00 54 00 224,99k 1.180 18 225.0 3,979 01 37 12 224,982 2,12k
19 237.5 6,784 01 00 10  237.k93  1.387 19  237.5 3,769 o1 k818  237.k76  2.497
20 250.0 6,445 0106 %0 2h5.951  1.618 20 250.0 3,581 020000 249.970 2.912
21 262.5 6,138 01 13 30 262.488 1.873 21 262.5 3,410 02 12 18 262.461 3.371
22 275.0 5,859 Cr20 ko 27k.g85 2,153 2 275.0 3,255 022512  274.951  3.875
23 287.5 5,60k Ol 28 10 287.481 2.460 23 287.5 3,114 02 38 k2 287.L439 4428
2k 300.0 5,371 01 36 00 299.977  2.795 2k 300.0 2,984 02 52 48 255.592h 5.030
25 312.5 5,156 Ol M4 10  312.471  3.159 25  312.5 2,865 03 0730  312.407  5.685
26 325.0 4,958 01 52 ko 324,965 3.553 26 325.0 2,755 03 22 48 324.887 6.394
27 337.5 b77h 02 01 30 337.458  3.979 27 337.5 2,653 033842 337.363 T.160
28 350.0 L ,604 02 10 Lo 349.949 h.b37 28 350.0 2,558 03 55 12 349.836 7.984
29 362.5 L, 4ks 02 20 10 362.440 4.929 29 362.5 2,470 ok 12 18 362.305 8.870
30 375.0 4,297 02 30 00 37h.929 5.456 30 375.0 2,387 ok 30 00 37h. 769 9.819
31 387.5 4,158 02 ko 10  387.416  6.020 31 387.5 2,310 ok 18 18  387.228 10.833
32 400.0 4,028 02 50 Lo 399.901 6.621 32 L400.0 2,238 05 07 12 399.681  11.91k
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PREPARED BY U, S. ARMY ENGINEER WATERWAYS EXPERIMENT STATION, VICKSBURG, MISSISSIPPI

L, ft
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11 o1
11,210

9,3k

8 no7
G,007

23,020
15,346
11,510

9,208
7,673
6,577
5,755
5,115
I 604
L 10c
4,185
3,837

2 5h1
D2yt

3,289
3,069
2,877
2,708
2,558
2,k23
2,302
2,192
2,093
2,002
1,918
1,842
1,771
1,705
1 .6k

1,64k
1,588
1,535
1,485
1,439

05 45
06 08
06 32

No. 28 Curve

00 00
00 00
00 01
00 Ok
00 o7

00 11
00 16
00 22
00 29
00 37

00 46
00 56
o1 07
18
01 31

0L 45
01 59
02 1k

50

o8
28
12

52
52

28
00
28
52

12.500
25.000
37.500
50.000

50 00
62.500

T5.000
87 con
&7.500
100.000
112,409

112.459

124.998
137.498
149.996
162. Lok
17k.992
187.488
199.984
212.478
224.971
237.462

nha ocen
245.550

262.437

27h 920
274.920

287.400

209,876
299.87¢

312.348
32k.815
337-277
349.733
362.181
37h.622
387.055
399.479

12.500
25.000
37.500
50.000

62.500
T5.000
87.500
99.999
112.499
124.998
127 hod
137.456
1k9.994

162. a1
162.591

17k.988

187.483
199.976
212.467
224.956
237.443
249.926
262.406
274.881
287.352
299.817
312.275

20k 704
324.725

337.169
3ho. 60k

4g. 60k
362.028
37h.4ho
386.841
399.228
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250.0
262.5
275.0
287.5
300.0

312.5
2o b
325.0

337.5

250.0
350.0

362.5

375.0
387.5
400.0

r, £t o X, ft Y, ft
No. 35 Curve

00 00 00 0.0
00 00 35 12.500 0.001
18,417 00 02 20 25.000 0.006
12,278 00 05 15 37.500 0.020
9,209 00 09 20 50.000 0.0k47
7,367 00 1% 35 62.500 0.050
6,139 00 21 00 75.000 0.155
£ DE&N no "8 ae 27 haoa 0 ohe
5,262 00 28 35 87.k99 0.245
L ,60L 00 37 20 99.999 0.365
Lk,093 00 k4715 112.498 0.519
3,683 00 58 20 124.996 0.711
3,349 0l 10 35 137.494 0.945
3,070 oL 2k o0 149.991 1.226
2,833 013835  162.487 1.558
2,631 01 5k 20 174.981 1.945
2,456 02 11 15 187.473 2.391
2,302 02 29 20 199.962 2.901
2,167 02 48 35 212.449 3.479
2,046 03 09 00 22,932 k.129
1,939 03 30 35 237.411 4.855
1 8hn N1 £9 an nha AQc £ £L9
1,842 03 53 20 2k5.885 5.661
1,754 ok 17 15 262.353 6.553
1,674 ok k2 20 27h.81h 7.532
1,601 05 08 35 287.268 8.605
1,535 05 36 00 299.713 9.776
1,473 06 Ok 35 312.148 11.0L47
1,h17 06 3k 20 32k.572 12.hok
1,364 07 05 15 336.984 13.911
1,316 07 37 20 349.381 15.511
1,270 08 10 35 361.762 17.229
1,228 08 L5 00 374.126 19.068
1,188 09 20 35 386.470 21.034
1,151 09 57 20 398. 794 23.129

No. 44 Curve

00 00 00 0.0
00 00 hh 12.500 0.001
1k ,650 00 02 56 25.000 0.008
9,767 00 06 36 37.500 0.025
7,325 00 11 kb 50.000 0.059
5,860 00 18 20 62.500 0.113
4,883 00 26 24 75.000 0.195
4,186 00 35 56 87.499 0.308
3,662 00 b6 56 99.998 0.459
3,256 00 59 2k 112.497 0.652
2,930 0l 13 20 124,99k 0.893
2,664 01 28 L4 137.491 1.188
2,hk2 01 L5 36 149.986 1.541
2,255 0203 56 162.479 1.958
2,093 02 23 bi 174.969 2.4ks5
1,953 02 45 00 187.457 3.006
1,831 03 07 4k 199.94%0 3.647
1,72k 03 31 56 212.419 i.373
1,628 03 57 36 224,892 5.190
1,542 ob 24 il 237.359 6.102
1,465 ok 53 20 249.818 7.116
1,395 05 23 24 262.268 8.236
1,332 05 sk 56 27%.707 9.467
1,274 06 27 56 287.134 10.815
1,221 o7 02 24 299.547 12.285
1,172 07 38 20 311.945 13.881
1,127 08 15 hk 32k.32h 15.610
1,085 08 5k 36 336.68h 17.477
1,046 09 3k 56 349.022 19.485
1,010 10 16 Lk 361.334 21.641
977 11 00 00 373.619 23.948
9khs 11 b4h bk 385.87h 26.413
916 12 30 56 398.095 29.0L0
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n L, ft r, ft T
No. 56 Curve
0 0.0 00 00 00
1 12.5 00 00 56
2 25.0 11,510 00 03 Lk
3 37.5 7,674 00 08 2k
N 50.0 5,755 00 14 56
5 62.5 4,604 00 23 20
6 75.0 3,837 00 33 36
7 87.5 3,289 00 45 4k
8 100.0 2,878 00 59 Lk
9 112.5 2,558 01 15 36
10 125.0 2,302 Ol 33 20
1 137.5 2,093 0L 52 56
12 150.0 1,918 02 1h4 24
13 162.5 1,771 02 37 bh
1k 175.0 1,644 03 02 56
15 187.5 1,535 03 30 00
16 200.0 1,439 03 58 56
17 212.5 1,354  Oh 29 Lk
18 225.0 1,279 05 02 2k
19  237.5 1,212 05 36 56
20 250.0 1,151 06 13 20
21 262.5 1,096 06 51 36
22 275.0 1,046 07 31 Lk
23 287.5 1,001 08 13 Wb
2L 300.0 959 08 57 36
25 312.5 921 09 43 20
26 325.0 885 10 30 56
27 337.5 853 11 20 2k
28 350.0 822 12 11 4k
29 362.5 9% 13 Ok 56
30 375.0 767 14 00 00
31 387.5 ™3 14 56 56
32 400.0 719 15 55 ki
No. 71 Curve
0 0.0 00 00 00
1 12.5 00 0L 11
2 25.0 9,079 00 Ob Lk
3 37-5 6,052 00 10 39
4 50.0 4,539 0018 56
5 62.5 3,631 00 29 35
6 75.0 3,026 00 k2 36
7 87.5 2,59k 00 57 59
8 100.0 2,270 Ol 15 Lk
9 112.5 2,017 0l 35 51
10 125.0 1,816 0l 58 20
11 137.5 1,651 02 23 11
12 150.0 1,513 02 50 2k
13 162.5 1,397 03 19 59
1k 175.0 1,297 03 51 56
15 187.5 1,210 ol 26 15
16 200.0 1,135 05 02 56
17 212.5 1,068 05 41 59
18 225.0 1,009 06 23 2k
19 237.5 956 07 07 11
20 250.0 908 07 53 20
21 262.5 865 08 k1 51
22 275.0 825 09 32 Lb
23 287.5 789 10 25 59
24 300.0 757 11 21 36
25 312.5 726 12 19 35
26 325.0 698 13 19 56
27 337.5 672 14 22 39
28 350.0 648 15 27 Wb
29 362.5 €26 16 35 11
30 375.0 605 17 45 00
31 387.5 586 18 57 11

PREPARED BY U.S. ARMY ENGINEER WATERWAYS EXPERIMENT STATION, VICKSBURG, MISSISSIPP

X, £t Y, ft

0.0
12.500 0.002
25.000 0.010
37.500 0.032
50.000 0.075
62.500 0.1hk
T4.999 0.248
87.498 0.392
99.997 0.58%
112.495 0.830
124,991 1.137
137.485 1.512
149.977 1.961
162.466 2.k92
17k4.950 3.111
187.430 3.825
199.903 L.6h1
212.369 5.565
224.826 6.604
237.272 7-765
249,705 9.054
262.124 10.477
274.525 12.043
286.907 13.756
299.267 15.62k
311.601 17.653
323.906 19.849
336.179 22.219
348.h17 24,768
360.614 27.503
372.766 30.430
384.869 33.554
396.918 36.882

0.0
12.500 0.002
25.000 0.013
37.500 0.041
50.000 0.095
62.500 0.183
T4.999 0.31h
87.498 0.497
99.995 0.740
112.491 1.052
124.985 1.4
137.476 1.917
149.963 2.487
162,445 3.160
174.920 3.944
187.387 4.849
199.8hk 5.883
212.289 7.05h
22k.720 8.370
237.133 9.8k0
249.526 11.473
261.895 13.276
274.237 15.257
286.547 17.426
298.822 19.789
311.056 22.354
323.243 25.129
335.380 28.123
3h7.458 31.3M
359.472  3h.792
371.415 38.481
383.279 k2.7
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25

37.
50.

62

5.

100.
112.

125
137
150

162.
175.

187
200
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225
237

250

262.
275.

287
300

312.

wn b\'_nomb \‘nb\nb\.ﬂ O\J’!.C)\.ﬁb 1o o O\nbmb

As
Tt ST X, fE
No. 90 Curve
00 00 00
00 01 30 12.500
7,162 00 06 00 25.000

b, 775 00 13 30 37.500
3,581 00 2k 00 50.000

2,865 00 37 30 62.499
2,387 00 54 00 74.998
2,0k6 01 13 30 87.496
1,790 Ol 36 00 99.992
1,592 02 01 30 112.486
1,432 02 30 00 124.976
1,302 03 01 30 137.462
1,194 03 36 00 149.941
1,102 ok 13 30 162.411
1,023 ok 5k 00 174.872

955 05 37 30 187.319
895 06 2k 00 199.750
8L43 07 13 30 212.162
796 08 06 00 224,550
75k 09 01 30 236.911

T16 10 00 00 249.239
682 11 01 30 261.529
651 12 06 00 273.775
623 13 13 30 285.971
597 14 24 00 298.109

573 15 37 30 310.182
551 16 5% 00 322.182
531 1813 30 334.099
512 13 36 00 3k5.924

No. 113 Curve

00 00 00

00 01 53 12.500
5,704 00 07 32 25.000
3,803 00 16 57 37.500
2,852 00 30 08 50.000

2,282 00 47 05 62.499
1,901 Ol OT U8 T4.997
1,630 0l 32 17 87.4ok
1,k26 02 00 32 99.988
1,268 02 32 33 112.478

1,141 03 08 20 12k.962
1,037 03 b7 53  137.439
951 ok 31 12 149.906
878 0518 17 162.360
815 06 09 08 17k.798

T61 07 03 45 187.215
713 08 02 08 199.606
671 09 ok 17 211.967
634 10 10 12 224,291
600 11 19 53 236.5T71L

570 12 33 20 2L8.801
543 13 50 33 260.970
519 15 11 32 273.071
L96 16 36 17 285.092
475 18 Ok 48 297.024
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L' 5[3-4'6' V@OV FWN O

As As
Lyft o xyee O T X, ft Y, £t n L, ft rofe O T X, ft Y, ft
No. 139 Curve No. 200 Curve
0.0 00 00 00 0.0 s} 0.0 00 00 00 0.0
12.5 00 02 19 12.500 0.00k 1 12.5 00 03 20 12.500 0.006
25.0 4,637 00 09 16 25.000 0.025 2 25.0 3,223 00 13 20 25.000 0.036
37.5 3,092 00 20 51 37.500 0.080 3 37.5 2,1k9 00 30 00 37.500 0.115
50.0 2,319 00 37 Ok 49.999 0.185 L 50.0 1,611 00 53 20 49.999 0.267
62.5 1,855 00 57 55 62.498 0.358 5 62.5 1,289 01 23 20 62.496 0.515
75.0 1,546 0ol 23 2k %.996 0.615 6 75.0 1,07k 02 00 00 T4.991 0.885
87.5 1,325 0l 53 31 87.490 0.973 7 87.5 921 02 43 20 87.180 1.k00
100.0 1,159 02 28 16 99.981 1.khg 8 100.0 806 03 33 20 99.961 2.084
112.5 1,031 03 07 39 112.466 2.059 9 112.5 T16 ok 30 00 112.430 2.962
125.0 927 03 51 ko 124.943 2.821 10 125.0 6h5 05 33 20 12%.882 %.058
137.5 843 ok 4o 19 137.408 3.751 11 137.5 586 06 43 20 137.310 5.394
150.0 773 053336  1L9.858 L.866 12 150.0 537 080000  1h9.707 £.996
162.5 713 06 31 31 162.289 6.181 13 162.5 496 09 23 20 162.063 8.885
175.0 662 07 3k Ok 17h.60k 7-715 1 175.0 460 1053 20 17h.367  11.086
187.5 618 08 41 15 187.068 9.482 15 187.5 430 12 30 00 186.607 13.619
200.0 580 09 53 Oh 199.40k 11.499 16 200.0 403 1k 13 20 198.769 16.508
212.5 s546 11 09 31 211.694 13.782 17 212.5 379 16 03 20 210.834 19.772
225.0 515 12 30 36 223.928 16.345 18 225.0 358 18 00 00 222.786 23.432
237.5 13 56 19 236.096 19.205 19 237.5 339 20 03 20 23k.602 27.507
250.0 L6k 15 26 4o 248.187 22.375
262.5 L2 17 O1L 39 260.188 25.869
275.0 ko2 18 k1 16 272.086 29.702
No. 168 Curve No. 237 Curve

0.0 00 00 00 0.0 [¢] 0.0 00 00 00 0.0
12.5 00 02 48 12.500 0.005 1 12.5 00 03 57 12.500 0.007
25.0 3,837 00 11 12 25.000 0.031 2 25.0 2,720 00 15 48 25.000 0.0L43
37-5 2,558 002512 37.500 0.097 3 375 1,813 003533 37-500 0.136
50.0 1,918 00 by 48 49.999 0.22h iy 50.0 1,360 0L 03 12 49.998 0.316
62.5 1,535 0l 10 00 62.497 0.433 5 62.5 1,088 01 38 45 62.495 0.610
5.0 1,279 oL 4O 48 Th.993 0.743 6 75.0 90T 02 22 12 Th.987 1.048
87.5 1,096 02 17 12 87.486 1.176 7 87.5 777 03 13 33 87.4712 1.659
100.0 959 02 59 12 99.973 1.751 8 100.0 680 ok 12 99.946 2.469
112.5 853 03 46 48 112.hs51 2.489 9 112.5 60k 05 19 57 112.402 3.510
125.0 T67 ol Lo 00 12hk.917 3.409 10 125.0 skl 06 35 00 124.834 L.8oT
137.5 698 05 38 48 137.366 4.533 11 137.5 Lok 07 57 57  137.233 6.3
150.0 639 06 43 12 149.793 5.879 12 150.0 453 09 28 48 149.588 8.285
162.5 500 07 53 12  162.191 7.468 13 162.5 418 110733 161.886  10.521
175.0 548 09 08 48 17k.553 9.319 1k 175.0 389 12 sk 12 17%.112 13.123
187.5 512 10 30 00 186.870 11.452 15 187.5 363 1L L8 Ls 186.2i48 16.117
200.0 480 11 56 48 199.130 13.885 16 200.0 340 16 51 12 198.273 19.527
212.5 451 13 29 12 211.323 16.636 17 212.5 320 19 01 33 210.164 23.377
225.0 L26 15 07 12 223.436 19.724
237.5 4Ok 16 50 48 235.452 23.166
250.0 384 18 %0 00 247.356 26.978
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As As
a L, ft _r, ft :‘:; X, £t Y, ft n L, £t r, ft ° v X, ft Y, ft
No. 280 Curve No. 520 Curve
¢} 0.0 00 00 00 0.0 [ 0.0 00 00 00 0.0
1 12.5 00 Ok 4o 12.500 0.008 1 12.5 00 08 Lo 12.500 0.016
2 25.0 2,302 00 18 ko 25.000 0.051 2 25.0 1,240 00 34 ko 25.000 0.095
3 37.5 1,535 00 b2 00 37.499 0.161 3 37.5 826 Ol 18 00 37.498 0.299
b 50.0 1,151 01 1k ko 49.998 0.373 k 50.0 620 02 18 ko hg.gg2 0.693
5 62.5 921 01 56 4o 62.493 0.721 5 62.5 ko6 03 36 ko 62.475 1.339
6 75.0 67 02 48 00 7h.982 1.238 6 5.0 413 05 12 00 7h.937 2.299
7 87.5 658 03 48 Lo 87.461 1.959 T 87.5 354 o7 ok Lo 87.365 3.636
8 100.0 576 ok 58 4o 99.92L 2.917 8 100.0 310 09 14 ko 99.738 5.410
9 112.5 512 06 18 00 112.363 L.145 9 112.5 275 11 42 00 112.029 T7.682
10 125.0 k6o o7 46 ko 12k.763 5.677 10 125.0 2k8 1k 26 bo  12h.20k  10.509
11 137.5 19 09 24 4o 137.128 T.545 11 137.5 225 17 28 40 136.220 13.946
12 150.0 384 11 12 00 1kg . hog 3.781
13 162.5 354 13 08 40 161.644 12.h17
14 175.0 329 15 14 ko 173.762 15.482
15 187.5 307 17 30 00 185.75k 19.005
16  200.0 288 19 5k ko 197.593 23.013
No. 340 Curve No. 720 Curve
o] 0.0 00 00 00 0.0 o] 0.0 00 00 00 0.0
1 12.5 00 05 Lo 12.500 0.010 1 12.5 00 12 00 12.500 0.022
2 25.0 1,896 0 22 40 25.000 0.062 2 25.0 895 00 48 00 24.999 0.131
3 37.5 1,264 00 51 00 37.499 0.196 3 37.5 597 Ol 48 00 37.496 0.4k
L 50.0 948 01 30 4o 43,996 C.453 L 50.0 148 03 12 00 45.58% 0.560
5 62.5 758 02 21 ko 62.489 0.876 5 62.5 358 05 00 00 62.451 1.853
6 5.0 632 03 2k 00 74.973 1.50k 6 75.0 298 07 12 00 T4.880 3.182
T 87.5 sko ok 37 ko 87.4h2 2.379 T 87.5 256 09 48 00 871.241 5.029
8 100.0 b7l 06 02 ko 99.888 3.541 8 100.0 22} 12 48 00 99.498 7.478
9 112.5 421 07 39 00 112.298 5.031 9 112.5 199 16 12 00 111.598 10.607
10 125.0 379 09 26 4o 124.659 6.889 10 125.0 179 20 00 00 123.477 1L4.490
11 137.5 3h5 11 25 4o 136.952 9.153
12 150.0 316 13 36 00 1h9.154 11.862
13 162.5 292 15 57 k4O 161.239 15.050
14 175.0 271 18 30 kO 173.177 18.754
No. 420 Curve No. 1080 Curve
0 0.0 00 00 00 0.0 0 0.0 00 00 00 0.0
1 12.5 00 07 00 12.500 0.013 1 12.5 00 18 00 12.500 0.033
2 25.0 1,535 00 28 00 25.000 0.076 2 25.0 597 Ol 12 00 24.999 0.196
3 37.5 1,023 0l 03 00 37.499 0.2h2 3 37.5 398 o2 42 00 37.491 0.622
i 50.0 767  OL 52 00 49.995 0.560 i 50.0 298  ob 48 00 k9.964 1.439
5 62.5 614 02 55 00 62.483 1.082 5 62.5 239 07 30 00 62.391 2.778
6 5.0 512 ok 12 00 T4.959 1.857 6 5.0 199 10 48 00 4. 730 4.766
7 87.5 438 05 43 00 87.412 2.938 7 87.5 17 14 k2 00 86.919 7.52L
8 100.0 384 o7 28 00 99.829 4.373 8 100.0 1h9 19 12 00 98.873 11.167
9 112.5 341 09 27 00 112.192 6.211
10 125.0 307 11 %0 00 124,480 8.501
11 137.5 279 14 07 00 136.664 11.250
12 150.0 256 16 48 00 1h8.711 1h.621
13 1625 236 19 4300  160.580  18.537
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GIVEN:

Design Q= 15,000 cfs
Channel width W =50 ft
invert siope S = 0,005
Curve deflection ang
Channel shape - rectangular

Design controls - Sheets 631 to 631-2, par 7b(2)

AR A
€ 1 - 49 acg

Capacity Curve geometry
Equivalent roughness k_ 0.007 ft 0.002 ft
Depth y 11.26 ft 10.33 ft
Velocity V 26.65 fps 29.05 fps
Critical depth d_ 14.0 ft 14.0 ft
Froude No. 1.40 1.59
REQUIRED:

a. Simpie curve radius (min)
_ AVEW _ 4(29.05)%(50)

in T gy (32.2)(10.33)
b. Approximate banking (Chart 660-1) = 2 Ay

=507.42 ft (Eq 2, Sheet 660-1)

L0742
w
For V = 29.05 fps and = 10.14; 2% =26
" o

n 3L r 8. * X Y
(ft) () °o v (ft) (1)
1 12.5 00 08 40 12.500 0.016
2 25.0 1,240 00 26 00 25.000 0.095
3 37.5 826 00 43 20 37.498 0.299
4 50.0 620 01 00 40 49.992 0.693
02 18 40

PREPARED BY U. S. ARMY ENGINEER WATERWAYS EXPERIMENT STATION, VICKSBURG, MISSISSIPPL
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e. Simple curve geometry (use r = 620 f1)
(1) Central angle 6 (Chart 660-2)
6=1-2A,=45-2(02°18'40")
= 45 - (04°37'20'") = 40°22'40"
(2) Curve length Lc (Chart 660-2)

~ (I-2A9r _ (40°22'40") (620)

L = =
<~ T57.2958 57.2958
40.38(620)
- 40.38(620) _ 56 05 ¢
57.2958 !

f. Total curve length L _
L =2L + L =2(50) + 436.95 = 536.95 ft

g. Corrected invert banking = 2 Ay

X260 1040
w50

For V =29.05 fps and %: 12.40

écx =2.2 (Chart 660-1)

Ay =2.2C=2.2(0.5) = 1.10 ft
2Ay = 2.20 ft

h. Moximum allowable Ay
2Ay,. = 0.18W = 0.18(50) = 9.0 ft (Eq 3, Sheet 660-1)
Ay, =45 ft> Ay = 1.10 ft (item g) OK

i. Curve tangent distance T
Tg=X~-rsin As+(Y+rcos As)tanil

49.992 - 620 sin(02°18'40") + (0.693 + 620 cos 02°18'40") tan-22°30'00"

49.992 - 620(0.04033) + [ 0.693 + 620(0.99919)] 0.41421

49.992 - 25.005 + (0.693 + 619.498)0.41421

24.987 + (620.191)0.41421 = 281.87

CHANNEL CURVE
EXAMPLE COMPUTATION

HYDRAULIC DESIGN CHART 660-2/3
(SHEET 2 OF 2)
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’/— TOP OF LEFT WALL

m TOP OF RIGHT WALL
T ——- /ﬁ
S ¢ WATER SURFACE T T
* ® FLOwW
S .
_— LEFT WALL INVERT
_ _—RIGHT WALL INVERT
— ] - € INVERT (5=0.005)

NTRANC 436.95
SPIRAL CIRCULAR CURVE 50¢
EXIT
PROFILE SPIRAL
— EXISTING WALL
A
_ Ts —— N\_IT
_\‘7\ ‘

- = ]
I — o~ \ /I 45
- IS S
sl 3 ~
$
2| EI ",‘Q\ \\ \

~Re,
< Y \ \\\
';,‘ E‘ R Sl e, ~

= ° R
o g SN I N NN Y
il 9 690 °OF

b >J, .93 \ \\ \
SPIRAL CURVE Fr \
NO. 520 \ \\ \
Ls=50FT
Ts =281.87FT 9‘)/\ \ \ |

HYDRAULIC ELEMENTS - K=0.007 FT
STA TO STA | SECTION | SLOPE | Y¢,FT | V,FPS | V,FT | F | Q,CFS
10+00 [ 18+00 | 50'RecT | 0005 | 14.0 [ 26.65 [ 11.26]1.4] 15,000

EXAMPLE PLAN AND PROFILE
HYDRAULIC DESIGN CHART 660-2/4
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